Objective: In this study, we aimed to estimate the updated incidence and mortality rate of stomach cancer based on the cancer registration data in 2014, collected by the National Central Cancer Registry of China (NCCRC).
Introduction
Stomach cancer is the fifth most common malignancy diagnosed worldwide, after cancers of the lung, breast, colorectum, and prostate. There were an estimated 952,000 new cases and 723,000 stomach cancer-related deaths in 2012 worldwide. Although its incidence has been declining in the last decades in most settings, stomach cancer remains common among many populations of East Asia, Central and Eastern Europe, and South America (1) . Each year, the National Central Cancer Registry of China (NCCRC) estimates the number of new cancer cases and deaths in thestomach cancer-related deaths worldwide, representing a heavy disease burden of stomach cancer in the country (2). In this article, we extracted data for stomach cancer from the database of the NCCRC and estimated the number of new cases and deaths for stomach cancer, nationally and for rural and urban areas, based on the most current population-based data of China in 2014.
Materials and methods

Data source
We used data collected and evaluated by the NCCRC from 339 local population-based cancer registries in 2017. All data submitted to the NCCRC are subject to quality control based on criteria of the Chinese Guideline for Cancer Registration (3) and Cancer Incidence in Five Continents Volume XI (4) . We extracted and analyzed individual tumor records for patients who were diagnosed with primary, invasive cancer of the stomach [International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10) codes C16.0-C16.6 and C16. 8-C16.9] . The overall population coverage was 288,243,347 (146,203,891 males and 142,039,456 females), accounting for 21.07% of the national population (5).
Population data sources
We obtained overall population data for 2014 from the National Bureau of Statistics of China by area and sex. We obtained fifth and sixth National Population Census data of the entire population for 2000 and 2010, by age group (0, 1−4, 5−84 by 5 years, 85+ years), sex and area (urban/rural) (http://data.stats.gov.cn/). The method to further estimate age-specific population in a specific year (2014 in the present study) has been described in detail elsewhere (6). In brief, age-specific population was calculated using the estimated age structure, which was established using the estimated death probability in each age group.
Data quality control
IARCcrgTools (version 2.05) issued by the International Agency for Research on Cancer/International Association of Cancer Registries (IARC/IACR) were used for data checking and evaluation (7) . The completeness, comparability and validity of the data were evaluated using a series of standards including the mortality to incidence (M/I) ratio, the percentage of case morphological verified (MV%), the percentage of death certificate-only cases (DCO%) and the percentage of the diagnosis of unknown basis (UB%) (8, 9) . The corresponding quality control indicators of the data for stomach cancer in our study were 0.71, 76.66%, 2.28%, and 0.48%, respectively ( Table 1) .
Statistical analysis
Crude incidence and mortality rates of stomach cancer were calculated in each stratum by age group, sex and area (urban/rural). The Chinese standard population in 2000 and Segi's world population were applied to determine agestandardized incidence and mortality rates. All rates were expressed per 100,000 person-years. SAS software (Version 9.4; SAS Institute Inc., Cary, NC, USA) was used for the statistical analysis. 
Results
Incidence of stomach cancer
In 2014, an estimated 410,400 new cases of stomach cancer occurred in China, accounting for 10.79% of all cancers combined. The age-standardized rates for stomach cancer (per 100,000 per year) using the Chinese standard population (age-standardized incidence rate China, ASIRC) and world standard population (age-standardized incidence rate world, ASIRW) were 19.62 and 19.51, respectively. The disease occurred more frequently among men than women, with a sex ratio of 2.4 according to ASIRC ( Table 2 ). The ASIRC (per 100,000 per year) of stomach cancer in urban areas was 17.29; the burden was markedly higher in rural areas than in urban ones, with ASIRC (per 100,000 per year) of 22.82 in rural areas. In patients aged 0−74 years, the cumulative incidence rate was 2.42%; the truncated age-standardized incidence rate by world standard population for those aged 35−64 years was 28.80 per 100,000 per year ( Table 2) .
Age-specific incidence of stomach cancer
Stomach cancer has a strong relationship with age. Rates in younger age groups (0-24 years) were less than 1 per 100,000, increasing to 50 per 100,000 by age 55-59 years and peaking in the age group of 80-84 years (185.85 per 100,000). After the age group of 40-44 years, incidence rates were substantially higher in men than in women, especially for age groups of 55-59 and 60-64 years, with approximately two times greater risk for men compared with women. The same patterns of age-specific incidence of stomach cancer were seen in both urban and rural areas ( Figure 1 , Table 3 ).
Mortality rate of stomach cancer
In 2014, an estimated 293,800 stomach cancer-associated deaths occurred in China, accounting for 12.80% of all cancer-related deaths combined. The mortality rates of stomach cancer (per 100,000 per year) adjusted by the Chinese standard population (age-standardized mortality rate China, ASMRC) and world standard population (agestandardized mortality rate world, ASMRW) were 13.44 and 13.30, respectively. Stomach cancer was the third most common cause of cancer mortality among males with ASMRC and ASMRW of 19.33 and 19.21 per 100,000, respectively; stomach cancer ranked second among females, with ASMRC and ASMRW of 7.80 and 7.63 per 100,000, respectively. The mortality rate of stomach cancer in rural areas showed a significantly higher rate than that in urban areas, with ASMRC (both sexes combined) 16.12 and 11.51 per 100,000, respectively. In patients aged 0-74 years, the cumulative mortality rate was 1.55% and the truncated agestandardized mortality rate using the world standard population for those aged 35-64 years was 15.77 per 100,000 per year ( Table 4) .
Age-specific mortality rate of stomach cancer
Because of a high fatality rate, the patterns of age-specific mortality rates of stomach cancer were close to those of age-specific incidence rates. After 45 years old, rates among males were significantly higher than those among females, showing a two-to three-times variation between specific age groups. A very small difference was seen by sex when taking the peak age-specific mortality rates into consideration. For males, the age-specific rates reached a peak at age group of 80−84 years (280.45 per 100,000), whereas for females, the peak age group was over 85 years (131.99 per 100,000). In terms of regional variations, agespecific mortality rates of stomach cancer in rural areas were higher than those in urban areas after the age of 15 years ( Figure 2 , Table 5 ).
Discussion
There were an estimated 952,000 new cases of stomach cancer (7% of total cancer incidence) and 723,000 stomach cancer-related deaths (9% of total cancer mortality) in 2012 worldwide. Cancer of the stomach is the fifth most common type of cancer and the third leading cause of cancer deaths for both sexes globally. Large differences in incidence exist among continents. High incidence rates of this disease are found in East Asia and Central and Eastern Europe, and low incidence rates have been described in Africa and North America (2). Owing to a large population and a high incidence rate, more than 40% of stomach cancer cases worldwide (404,996 cases) have occurred in China, according to GLOBOCAN 2012 (2). In our study, an estimated 410,400 new cases of stomach cancer occurred in China in 2014, accounting for 10.79% and ranking third in incidence of all cancers combined, which indicates that stomach cancer remains a major contributor to the cancer burden among the Chinese population. Stomach cancer incidence rates have been declining in most parts of the world in recent decades. The national stomach cancer standard incidence rates of China were 21.98 and 21.32 per 100,000 in 2012 and 2013, respectively, as reported in our previous study (10, 11) ; this rate was 19.51 per 100,000 in 2014. In South Korea, the disease rate decreased by 0.5% per year from 1999 to 2012. In Beijing, the capital of China, this rate decreased by 24.2% and 49.0% for males and females, respectively, between 1982-1984 and 1995-1997 (12,13) . Cancer incidence patterns reflect trends in behaviors associated with cancer risk. Reduction in the prevalence of Helicobacter pylori, improvements in sanitation and in the preservation and storage of foods and increasing consumption of fresh fruit and vegetables may have some role in the observed decline in incidence of stomach cancer worldwide (14, 15) . However, the risks of stomach cancer generally remain more common in males. Our study shows that the incidence of stomach cancer is 2.4 times higher in men than in women, which is in line with a previous study in China (16) . Although the incidence of stomach cancer has decreased year by year with increasing socioeconomic development, inequalities of incidence remain within China (5,17). Stomach cancer incidence rates in rural parts of the country were 1.3 times higher than those in urban areas (22.82 vs. 17.29 per 100,000) in this study. Different primary prevention strategies should be launched based on these substantial regional disparities. The mortality rate of stomach cancer was also higher in rural than in urban areas (16.12 vs. 11.51 per 100,000 per year), which is in line with findings reported in our previous studies. Differences in socioeconomic status and in access to health services are possible explanations for the variations in mortality rate found in this study, which highlights the need to increase access to health services and resources for populations in rural parts of China.
The prognosis of patients diagnosed with stomach cancer remains poor in China, with a 5-year relative survival rate of 35.9% in 2010-2014. In contrast, survival was remarkably high in South Korea (68.9%) and Japan (60.3%) during the same period (18). Survival in those two countries was similar to the average 1-year survival rate for all other countries and about twice the 5-year survival rate in China. Very high survival for patients with stomach cancer in those countries may be partially explained by diagnosis of tumors at earlier stages. Screening for gastric cancer using barium-meal imaging began in Miyagi Prefecture, Japan in 1960 and a nationwide screening program has now been established. The same nationwide screening strategy for stomach cancer was also initiated in South Korea (19) . Although screening may detect asymptomatic tumors, most cancers in Japan are detected outside the screening program, indicating that awareness of the benefits of early detection is very high in the Japanese population (20) . Currently, China operates a screening program targeting individuals with high risk of stomach cancer (21, 22) . However, 80% of patients are still diagnosed at an advanced stage and have a lower 5-year relative survival rate than patients in Japan and Korea (18,23). Two principal reasons may contribute to the continued low detection rate of stomach cancer at early stages in China, even after the launch of the governmentsponsored screening program. One reason is that awareness of the benefit of endoscopic screening among the population is low and many people are unwilling to take part in screening because they fear physical discomfort from the invasive endoscope procedure (23) . Apart from the obstacle of awareness, there is inherent reluctance owing to cultural barriers and fatalism about cancer in the Chinese population, which can also hamper screening efforts, particularly among groups with low socioeconomic status (24) . The second reason for low detection in China is that outside of the government-sponsored screening program, the social insurance schemes do not cover the fee for endoscopy as part of a general screening modality in high-risk populations (23) . These two reasons result in a lower coverage or participation rate for stomach cancer screening among target populations in China. Substantial regional disparities in stomach cancer treatment play another important role in the variation of prognosis between urban and rural areas in China. Patients in rural areas are more likely to receive suboptimal or nonguideline therapy, which may contribute to lower survival rates (25) .
Conclusions
With the increasing ageing population in China, stomach cancer will remain a consistently serious public health issue in the future. Although incidence and mortality rates are declining in the country, both rates remain higher than global average levels, and the disease burden currently shows clear urban-rural inequalities in China. With a large, widely dispersed population and marked variations of socioeconomic status, the disparities in access to cancer screening and receiving treatment for stomach cancer according to the guidelines will remain for some time.
Great effort is needed not only to improve public awareness and promote early detection of stomach cancer but also to provide more accessible health services, sufficient financial resources, and adequate cancer-care infrastructure for the Chinese population, especially for people living in rural areas.
